To explore the protective effects of salidroside against endogenous hydrogen peroxide (H 2 O 2 ) -induced cytotoxicity in human endothelial cells (EVC-304). EVC-304 cells were incubated in the presence or absence of low steady states of H 2 O 2 (3-4μM) generated by glucose oxidase (GOX) with or without salidroside. MTT assays were performed, together with flow cytometric analysis using propidium (PI) label. The results indicated that salidroside could attenuate H 2 O 2 induced cytotoxicity in EVC-304 cells in a dose-dependent pattern. Furthermore, flow cytometric analysis revealed that salidroside could also inhibited the G2/M arrest induced by endogenous hydrogen. The present study demonstrates that salidroside could inhibit endogenous hydrogen peroxide induced cytotoxicity of endothelial cells .
Introduction
Rhodiola rosea is a popular medicinal plant found in mountains at high altitudes and has long been used in traditional Chinese medicine system as an adaptogen to enhance the body's resistance to fatigue and to extend human life. Salidroside (p-hydroxyphenethyl-β-D-glucoside,chemical structure shown in Fig. 1 ), a major active ingredient isolatedfrom the plant R. rosea, has been used in the treatment of diabetes,hypertension, fatigue and hypoxia [1, 2] . Recently, salidroside was reported to be capable of protectingSH-SY5Y cells against hydrogen peroxide-induced cell apoptosis in a dose-dependent manner [3] and protecting the PC12 cells against hypoglycemia/serum limitation-induced cytotoxicity [4] . Studies demonstrated that salidroside has protective effects on myocardial ischemia/reperfusion injury in isolated rat heart [5] . However, the mechanisms have yet to be elucidated. In order to provide a new window into the pharmacological properties of salidroside, the present study was designed to investigate protection of salidroside on cytotoxicity induced by endogenous hydrogen peroxide in endothelial cells. We hope to expand the understanding of the potential therapeutic value of salidroside for cardiovascular and cerebrovascular diseases
Materials and methods
Chemicals and reagents Salidroside was provided by Tianjin Jianfeng Natural Product R&D Co., Ltd. (Tianjin, China), and the content of salidroside was about 2.0%, and the purity was above 98% (HPLC).3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl (MTT)was purchased from Amresco Chemical Co.Ltd. EVC-304 cells were obtained from the Jilin Medical University. DMEM high glucose Medium was purchased from GIBCO BRL (Grand Island, NY, USA). Fetal bovine serum was purchased from Hangzhou Sijiqing Co., Ltd. (Hangzhou, China). Glucose oxidase (GOX, type X-S derived from Aspergillusniger, 100 000-250 000 U/g solid) and PI were purchased from Sigma.
Cell culture EVC-304 Cells were grown in DMEM low glucose, supplemented with 10% fetal calf serum. The culture maintained at 37°C in a humidified atmosphere of 95% air and 5% CO 2 . For experiments, cells were plated in 60mm dishes and reached confluence within 2 to 3 d. MTT assay EVC-304 cells (~1×10 4 ) were seeded in 96 well cell culture plates. After treatment with 10mU GOX, different concentration of salidroside, or 10mU GOX cultured with different concentration of salidroside for 24h, and 20μl MTT (5mg/ml) were added to the media and incubated for 4 h at 37°C. The MTT solution was replaced by 150μl DMSO and agitated for 10 min. The absorbance was then read at 570nm using an EL×800 Universal Microplate Reader (BIO-TEK, Norcross,GA,USA). Cell morphological assessment The suspension of theEVC-304 cells was prepared from 3-day culture at a cell density of 23.5×10 5 cells/ml. Sterile micro-cover slips (15×15×1 mm) were placed on the bottom of plastic dishes (diameter 60 mm). These cover slips were covered with 0.5 ml of the above-mentioned suspension. After 30 min, 4.5 ml of a culture medium was added to the dishes and the cells were cultured for 24 h at 37 °C in a humidified atmosphere containing 5% CO 2 . Then salidroside was added to the cells and after 24h of treatment the cover slips with adhering control and treated cells were taken out of the culture medium. The effect of berberine on morphology of the EVC-304 cells was assessed by the light microscopy and then photographed by Olympus C-5000. DNA content and cell cycle analyzed by flowcytometry HeLa cells treated with different concentrations of salidroside for 12 h were harvested by centrifugation at 1000g for 5 min, washed with ice-cold PBS, and then fixed with 70% cold ethanol at 4 1C for 1 h. The fixed cells were washed with PBS and resuspended in a staining solution containing PI (20 mg/ml) and Dnase-free Rnase (100 mg/ml). The cells suspension were incubated at 37 °C for 30 min in the dark and quantitatively analyzed by a flow cytometer (BD FACScantoTM, USA). Statistical analysis Data was represented as means±SD for at least three independent experiments. The differences between treatment groups were assessed by one-way ANOVA followed by unpaired Student's t-test. Statistical significance was defined as p<0.05 to reject a null hypothesis.
Results

Effects of salidroside on EVC-304 cells exposed to endogenous Hydrogen Peroxide (H 2 O 2 )
Glucose oxidase catalyzes the oxidation of D-glucose in the presence of oxygen to D-gluconic acid and H 2 O 2 . The initial rates of H 2 O 2 production by 10 mU GOX in HBSS was 1.5μM H 2 O 2 /min [6] . Under culture conditions,extracellular H 2 O 2 concentration was maintained at approximately 7 to 9 mM with 10 mU/mL GOX [7] . In order to measure the effects of salidroside on endothelial damage induced by H 2 O 2 , the MTT reduction assay was used. The results of the cell viability assays from EVC-304 cells were confirmed using phase contrast microscopy. The drastic decline in viability was associated with visible rounding of the cells and detachment when incubated with 10mU GOX alone. In contrast, the cells treated with both 100μM salidroside and 10mU GOX did not show visible changes in cell number (Fig. 1) , indicating that salidroside protects against H 2 O 2 -induced cell damage. Thesechanges in the viable cell number were also observed when aliquots of theEVC-304 cells were examined by the light microscopy (Fig. 2) .
Effects of salidroside on endogenous Hydrogen Peroxide induces G2/M-phase cell-cycle arrest in EVC-304 cells
To determine whether the cell-cycle arrest induced by endogenous Hydrogen Peroxide could be inhibited by salidroside we analyzed the DNA content by propidium iodide staining followed by flow cytometry. The stained DNA of EVC-304 cells after treatment with different concentration salidroside demonstrated that the G2/M phase arrest induced by endogenous Hydrogen Peroxide has been attenuated by different concentration salidroside in dose dependent manner (Fig.3) .
1530
Advanced Engineering Materials III
Discussion
Salidroside has been reported to have a wide range of pharmacological properties, including anti-inflammation, anti-hypoxia, antioxidative and hepatoprotective effects [1, 8] . This study aimed to explore the protectiveeffects of salidroside against endogenous hydrogen peroxide induced cytotoxicity of endothelial cells.
H 2 O 2 is continuously produced in vivo and remains in a quasi steady state: its concentration changes in a time scale slower than its turnover [7] . Hence, exposing cells to steady state concentrations of H 2 O 2 , instead of bolus additions, constitutes a superior method for oxidant delivery that mimics the physiological settin [6] . Enzymatic generation of low and steady H 2 O 2 fluxes may also be appropriate in cell culture studies, because the bolus addition of H 2 O 2 may not adequately reflect its production or delivery in vivo [1，2，7] . In this regard, the GOX system may be useful in mimicking the mode of extracellular oxidant production from physiological sources such as xanthine oxidase and NADPH oxidase [8] . Our present studies confirmed that treating cells with 10mU GOX resulted in a cell viability loss. However, when incubated with 100μM and 200μM salidroside, the cell viability loss was greatly decreased. These results indicated that salidroside did significantly protect EVC-304 cells from H 2 O 2 -induced cytotoxicity. 
